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(57) Abstract 

A process for producing zeolite aggregates involves providing a 
formable paste composed of zeolite, a binder composed of an organic/ 
metal oxide containing aluminum, a peptizing agent and water; forming 
the paste into an aggregate, preferably by extruding into an extrudate; 
curing the aggregate; hydro-thermally calcining the aggregate; and 
washing the hydro-thermally calcined aggregate with a washing medi- 
um, preferably followed by rinsing with a rinsing medium to remove re- 
sidual washing medium from the aggregate. The washed and rinsed 
aggregate may then be permitted to equilibrate or is subjected to a dry- 
ing procedure. Preferably, the washed and rinsed aggregate is again 
subjected to curing/hydro-thermal calcining. The resultant aggregates, 
such as extrudates, have an exterior surface with openings and intersti- 
tial spaces between particles of binder and zeolite which communicate 
by such openings between the exterior surface of the aggregate and mic- 
ropores of the zeolite; the aggregates also exhibit characteristics of 
crush strength greater than about 0.9 pounds per millimeter and a loss 
by attrition of less than about 3.0 %. Regenerable catalysts, such as re- 
forming catalysts, based on such aggregate also exhibit a catalyst activi- 
ty pass through to the zeolite bound in the aggregate of at least 70 % of 
the initial catalyst activity of freshly prepared zeolite, as well as exhibi- 
ting more than about 70 % of the reforming benzene yield that the re- 
forming catalyst exhibited when similarly tested prior to being exposed 
to a hydrocarbon stream under specified reforming conditions of the ca- 
talyst activity test procedures. 
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ZEOLITE AGGREGATES AND CATALYSTS 

Field si Inv^ntign 

This invention relates generally to processes for 
forming aggregates, such as extrudates, containing seolite 
5 for use as adsorbents and as substrates for chenieal 
catalysts. 

More specifically, the present invention is directed to 
producing aggregates which are "skin-free", i.e., 
essentially devoid of substance which interferes with 

10 conanunication between openings in the exterior surface of 
the aggregate, Bicropores of the zeolite bound in the 
aggregate, and aesopores or interstitial spaces within the 
aggregate communicating between these openings to the 
exterior surface of the aggregate and the micropores fbr the 

15 zeolite. 

Related to this, the present invention is also directed 
to producing aggregates which have a crush strength greater 
than about 0.9 pounds per millimeter; and loss by attrition 
of less than about 3.0%. Catalysts based on such aggregates 

20 exhibit catalyst activity pass through to the zeolite 

bound into the aggregate of at least about 70% of the 
catalyst activity of the freshly prepared zeolite prior to 
being bovuid therein. 

The present invention is also directed to regenerable 

25 catalysts, such as reforming catalysts, which are composed 
of a catalyst metal dispersed in zeolite, bound by a binder 
composed of a metal oxide containing aluminum formed into 
such aggregate, wherein the catalyst esdtibits a level of 
regenerability, expressed as a ratio of the catalyst 

30 activity test rating of the catalyst as regenerated relative 
to the catalyst activity test rating of the catalyst in a 
fresh state prior to operation on oil, of at least 70%. 

The present invention is also directed to reforming 
processes which involve exposing a hydrocarbon stream under 

35 reforming condition to a regenerable catalyst, produced in 
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accordance vith tha present invantion, in addition to 
processes for purifying a hydrocarbon streaa by contacting 
the hydrocarbon streav under conditions suitable for 
adsorption of contaminants from the hydrocarbon strean vith 
5 an aggregate produced in accordance vith the present 
invention. 

Zj. pjscussjon fi£ pagHqyoun<j| and M^t^rifll information 

Since the advent of high compression automobile and 
aircraft gasoline engines in the late 1930s, the demand for 

10 high octane gasoline has risen continuously* Part of the 
octane requirement is satisfied by adding organo-lead 
compounds and oxygenated organic compounds to motor gasoline 
blends* Also, catalytic reforming, a major petroleum 
refining process is used to raise the octane rating of 

15 hydrocarbons, such as naphthas (C5 to Cj^j^ hydrocarbons) , for 
gasoline blending* Catalytic reforming is also a principle 
source of industrially important light aromatic chemicals 
(benzene, toluene and xylenes) via conversion of paraffins 
and naphthenes to aromatics* The principle chemical 

20 reactions vhich occur during reforming are dehydrogenation 
of cyclohexane to aromatics, dehydrocyclization of paraffins 
to aromatics, dehydroisomerization of allcylcyclopentanes to 
aromatics, isomerization of normal paraffins to branched 
paraffins, dealkylation of alkylbenzenes, and cracking of 

25 paraffins to light hydrocarbons. The last reaction is 
undesirable since it produces light hydrocarbons vhich have 
lov value. Also, coking and agglomeration of catalytic 
metals occur, vhich lead to deactivation of the catalyst 
over time* 

30 Reforming is carried out at temperatures betveen about 

800^ to about 1000*^, pressures of about 50 to about 300 
psi, veight hourly space velocities of 0*5 to 3*0, and in 
the presence of hydrogen at hydrogen to hydrocarbon molar 
ratios of 1 to 10* Commercial reforming units typically 

35 include a multiplicity of adiabatic packed bed reactors 
connected in series* Both axial and radial flov reactors 
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ar« •■ployed and thes« can b« aithar stationary or aoving 
bed reactors. 

The hydrocarbon feed is vaporized, mixed with hydrogen 
and preheated in a furnace to about 800® F to 1000® F and 
5 fed into the inlet of the lead reactor. Reforsing is a net 
endotherslc process so the temperature of the reacting gas 
strean drops as the strean moves through the reactors, and 
reactor effluents are usually in the lower end of the 800® F 
to 1000® F reforming temperature range. Accordingly, 

10 reactor effluent streams are reheated in furnaces installed 
upstream of each of the reactors. The product stream from 
the tail reactor is cooled and flashed to low pressure in a 
drum and separated into a liquid reformats stream rich in 
aromatics, and a gas stream rich in hydrogen. Part of the 

15 hydrogen stream is recycled into the feed stream using a 
compressor to provide the hydrogen required for the process. 
Reforming is a net hydrogen producing process. The net 
hydrogen produced in the process is removed as a gas stream 
from the flash drum, whicb is recovered and purified. 

20 Currently, the most widely used cramercial reforming 

catalysts are comprised of a Group VIII metal such as 
platinum or platinum plus a second catalytic metal such as 
rhenium or iridium, dispersed on an alumina substrate. 
These catalysts are bif unctional ; that is they have two 

25 types of catalytic sites: metal sites and separate strong 
acid sites. Typically, chlorine is incorporated on the 
alumina to add strong acid site functionality. These 
catalysts accomplish dehydrogenation and cyclization 
reactions on the metal sites and the isomerication reactions 

30 on the strong acid sites. Cracking reacticxns, whi^ are 
undesirable because they convert feed to low value gases, 
occur primarily on the acid sites. Thetse alumina based 
bif unctional reforming catalysts are effective for 
aromatising C8-«> paraffins but are less effective for 

35 aromatising C6 to C8 paraffins; they crack more of the 
lighter paraffins to low value fuel gas than they convert to 



wo 91/04943 



PCr/US90/05569 



• 4 - 

aroBiatics. 

Within the past fev years nev refonin? catalysts hava 
been discovered which are.^aore effective for aromatizing the 
C6 to C8 paraffin components of naphthas. These new 
5 catalysts employ large pore zeolites to support the 
catalytic metal. The zeolite catalysts are mono-functional; 
they contain few strong acid sites. They accomplish the 
isomerization, as veil as dehydrogenation reactions on the 
metallic catalytic sites with facility. Unwanted cracking 

10 reactions are repressed because there are few strong acid 
sites in the catalysts. 

Large pore zeolites, i.e., zeolites with effective pore 
diameters of € to 15 Angstroms, are preferred for reforming 
catalysts. Suitable large pore zeolites include zeolite X, 

15 zeolite Y, and zeolite L. The preferred large pore zeolite 
for reforming catalysts is zeolite L which is described in 
detail in U.S. Patent No. 3,216,789, hereby incorporated by 
reference thereto herein. 

U.S. Patent Mos. 4,104,320, 4,416,806 and 4,417,083 

20 disclose the use of zeolite L as substrates for reforming 
catalysts. Specific morphological forms of zeolite L which 
convert to superior reforming catalysts are disclosed in 
U.S. Patent Nos. 4,552,856, and 4,544,539. 

Ideally, reforming catalysts should i) display high 

25 activity and selectivity to aromatics and isoparaf f ins ; ii) 
be regenerable? ill) survive a cost effective number of 
regenerations; iv) possess sufficient crush strength and 
loss by attrition to avoid excessive breakdown in reactors 
(because pressure drop across commercial reactors can become 

30 unacceptably high if the amount of catalyst fines in the 
catalyst becomes excessive) ; and v) be sufficiently cost 
effective not to add unreasonably to the cost of operation. 

Reforming catalysts containing platinum, with or 
without the addition of other promoter metals such as 

35 rhenium, have been used for some time. These metals are 
often supported on alumina. 
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catalysts containing typa L zaolit* hava bean 
discovarad to ba useful for catalytic dewaxing and in other 
applications. Thay are also particularly useful in 
refoning because they are effective for aroaatizing - Cg 
5 paraffin components and crack less feed to gas relative to 
conventional catalysts. In this regard, U.S. Patents 
4,104,320; 4,417,083; 4,416,806 and British Application 
2106413A, Bernard at al., disclose the use of zeolite L as a 
support which increases the selectivity of the reaction for 

10 producing aromatic products and also disclose processes for 
using the zeolite L and aethods for its regeneration. 

Catalysts of platinua on potassiua typa L zeolites have 
been disclosed in U.S. Patent No. 4,552,856, TAUSTER et al., 
and U.S. Patent No. 4,544,539, WORTEL, the latter of which 

15 is directed to an iaproved cylindrical zeolite L 
aronatization catalyst. 

Zeolites are synthesized as aicrocrystals typically 5 
to 20 thousand angstroms in size. To be suitable for use in 
commercial packed bed reactors, zeolites in their natural 

20 fine powder state must be formed into aggregates, su^ as 
aggregated particles, for example, tablets, spheres, prills, 
pills or extrudates, typically 1/32 to 1/t of an incSh in 
size. If zeolite powder were to be charged to the reactors 
as synthesized, pressure drop across the catalyst beds at 

25 commercially viable feed rates would be impractically high. 
Commonly, inorganic oxides such as alumina, silica, alumino- 
silicates and clays are used as binders to hold the 
aggregates together. The aggregates must have sufficient 
crush and loss by attrition so that they do not disintegrate 

30 in the pacdced bed reactors under normal commercial operating 
conditions but also the zeolite should retain an effective 
level of the catalytic activity it exhibits in the unbounded 
form and the binder should not add undesirable chemical 
activity to the catalyst's functionality, i.e., a 

35 combination of attributes most difficult to accomplish. 

Zn the production of type L zeolites reforming 
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catalyst, it is known in ths art to usa aluaina as a bindar 
or support. For axanpla, U.S. Patent Mo. 4,458,025, Lea at 
al«, U.S. Patent No. 4,517,306, Buss* and its divisional 
U.S. Patent No. 4,447,316 both make such a suggestion. The 
5 disclosure in U.S. Patent Mo. 4,458,025 suggests extrusion 
of a type L zeolite in alumina • 

Related to this, U.S. Patent No. 3,326,818, GIADROW et 
al., disclose a catalyst composition made up of a 
crystalline aluninosilicate and a binder prepared by mixing 

10 the crystalline aluninosilicate in a minor amount of dry 
inorganic gel binding agent, such as alumina. The alumina 
is disclosed as containing a minor amount of a peptizing 
agent for the purpose of enhancing the strength of the 
resulting product. 

15 U.S. Patent No. 3,557,024, Young et al., disclose 

alumina bound catalysts having a composition formed by 
mixing one of a number of zeolites, including zeolite L, 
with a binder of hydrous boehmitic alumina acidified with at 
least 0.5 mole equivalent of a strong acid per mole of 

20 alumina. The catalyst is disclosed as having enhanced 
strength. 

U.S. Patent No^ 4,046,713, MITSCHE et al., disclose a 
method for preparing an extruded catalyst composition 
vherein acidic alumina hydrosol is admixed with a dry 

25 mixture of a finely divided alumina, preferably a hydrate, 
and a finely divided crystalline aluminosilicate, such as 
mordenite. The resulting mixture is extruded, dried and 
calcined to form a catalyst disclosed as being useful in the 
reforming of various naphthas. The aluminosilicate makes up 

30 less than 20% of the mixture. 

U.S. Patent Nos. 4,305,812; 4,305,811;4,306,963; and 
4,311,582, JOHNSON and JOHNSON et al., are directed to 
stabilized reforming catalysts which are halide promoted. 
Each of the catalysts is produced by employing a modified 

35 alumina support whose alumina precursor includes at least 
about 75% by weight boehmite. 
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LEE and SANTIU^ in U.S. 4,458,025 and FIELD, U.S. 
patent Ho. 4,579,831, disclose a process for .aking a 
zeolite L catalyst by sulling a non-acidic alusina sol with 
zeolite L and extruding the resulting paste. 
5 m LEE and SANTILLI, U.S. Patent 4,458,025, it is 

disclosed thit after the alumina is peptized with acid to 
fonn a sol, the resultant alumina sol is back-neutralized to 
neutrality. Where a non-acidic alumina sol is peptized with 
a base, no back-neutralization and wash is needed. After 
10 extrusion, the extrudate is dried and calcined at about 
1,000®F for about 1-2 hours. 

in U.S. patent 4,579,831, FIELD, the alumina used as 
the binder contains either an alkali or an alkaline earth 
component. The catalyst is disclosed as being formed by 
15 forming a solution of an alkali metal aluminate then 
adjusting the pH of the solution to a pH of from 6 to 8, and 
aging the solution. The aluminate solution is then 
filtered, dried and mulled with a large-pore zeolite to form 
a mixture which is extruded to form an extrudate which is 
20 dried, calcined and impregnated or exchanged with a Group 
VIII »etal to form a catalyst which is subsequently dried 
and calcined. It is disclosed that the extrudate is dried 
and calcined to add strength to the resultant catalyst and 
should be conducted in a first step of about 1100<>P for 
25 about 2 hours. Once the extrudate has been calcined and 
impregnated with the Group VIII metal to form a catalyst, 
the catalyst is then dried and subjected to a second 
calcination at a temperature of about 500«»F, instead of the 
1000®F used in the first calcination. 
30 TROWBRIDGE in pending U.S. patent Application Serial 

HO. 880,087 teaches extruding zeolites using a two-component 
alumina binder comprised of boehmitic alumina and an acidic 
alumina sol, the disclosure of which is hereby incorporated 
in its entirety by reference thereto. 
35 conventional zeolite extrudates used as catalyst 

substrates, however, tend to have a relatively thick outer 
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slcln of alxiaina, and a coating of aluaina, surrounding th# 
saolita crystals which inhibits catalyst activity. In 
addition, conventional alumina bound zeolits X aggregates 
contain residual acidity vhich induces cracking and inpairs 
5 activity and selectivity naihtenance under reactive 
conditions. 

giffOtARY S£ ZHfi IHVENTIQW 
The present invention is directed to producing 
aggregates, such as extrudates, vhich have sufficient crush 

10 and loss by attrition to limit disintegration in conunercial 
packed bed chemical reactors and vhich also retain much of 
the desirable activity and selectivity of the zeolite 
crystals before being incorporated into the aggregates. 
The zeolite aggregates produced in accordance with the 

15 present invention are unique because they have sufficient 
crush strength and loss by attrition for use in industrial 
packed bed chemical reactors vhile also passing through 
acceptable levels of the catalytic activity of the zeolite 
in the aggregate as measured before the unbound zeolite vas 

20 formed into an extrudate. Prior to the present invention, 
it is not believed that aggregates of bound zeolites vere 
formed vhich exhibited good mechanical strength vithout 
losing a significaxit level of the activity of the unbound 
zeolite. In this regard, it has been observed that vhen 

25 cohesion betveen the zeolite crystals and the binder is 
adequate to impart the requisite crush strength and loss by 
attrition to the extrudate, a film or "skin^ of binder forms 
around the individual zeolite microcrystals and the exterior 
surfaces of the extrudates. This film phenomenon is usually 

30 associated vith "lov activity pass through" extrudates, 
i.e., the zeolite vhen converted to an extrudate and loaded 
vith catalytic metal has substantially lover activity than 
the same amount of zeolite loaded vith the same type and 
amount of catalytic metal. 

35 It has been observed, by inspection of electron 

microscope photomicrographs of extrudates, that the 
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preferred zeolite extrudates produced in accordance with the 
present invention, as described herein, sanifest little or 
no f ils or skin formed around either the exterior of the 
individual zeolite crystals or the exterior surfaces of the 
5 extrudates, which are comnon to conventional zeolite 
extrudates. In this regard, the skin-free aspect of the 
aggregates and extrudates in accordance with the present 
invention is described herein as an aggregate having an 
exterior surface and interstitial spaces or sesopores 

10 coflununicating by openings with the exterior surface, and 
zeolite crystals having micropores bound in the aggregate, 
wherein the exterior surface of the aggregate and the 
zeolite are essentially devoid of substance irtiich interferes 
with communication among the micropores, interstitial spaces 

15 or mesopores, and openings for conducting reactants and 
products between the exterior surface of the aggregate and 
the micropores of the zeolite. Such skin or film of 
substance is undesirable because such film impairs catalytic 
activity and adsorption performance. 

20 The present invention is also directed to a process 

for producing zeolite aggregates or extrudates which 
involves curing and hydro-thersally calcining aggregates, 
such as extrudates, in a specific and prescribed manner, as 
defined herein, to achieve the requisite catalytic activity 

25 in the finished catalyst. During these procedures, bonds 
are formed between the binder particles and between the 
binder and zeolite that harden and strengthen the extrudate 
aggregates. Although not wishing to be bound by any 
particular theory, it is believed that during curing and 

30 hydro-calcination, in addition to hardening the extrudate 
the surface area, the chemical nature of the binder surface 
changes to a more passive and to a less deleterious catalyst 
form, and the binder surface area decreases when the curing 
and hydro-calcination steps are properly performed as 

35 described herein. Preferably the curing step is also 
conducted in a humid atmosphere. 
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In accordance vlth a prafarred aabodlBent of tha 
present invention, tha steps In tha process for producing 
zeolite extrudates of renuisita crush strength and loss by 
attrition which retain desirable activity and selectivity of 
5 the zeolite involves: i) preparing a paste including zeolite 
and a suitable binder suitable for extrusion ii) extrusion 
iii) curing iv) hydro-thermal calcination and v) washing. 

It has also been discovered that preferred results are 
achieved when the washed aggregate is rinsed and then dried 

10 or otherwise treated to remove at least surface moisture 
frc» the aggregate. For example, this may be accomplished 
by permitting the aggregates to set and come to eguilibriia 
with the environment, or the aggregates may be dried, for 
example, in a forced air stream. Preferably, however, the 

15 aggregates are again subjected to curing and/or hydro- 
thermal calcining under conditions «4iich are substantially 
the same as those used prior to washing. 

The zeolite aggregates or extrudate products of the 
present invention are used in zeolite packed bed adsorbers 

20 and catalytic chemical reactors and have been discovered to 
retain most of the chemical activity of the zeolite before 
and after regeneration. The extrudates produced in 
accordance with the processes of the present invention are 
substantially free of binder skin and other detrital 

25 components both at the outer surface of the extrudate 
particles and around the zeolite particles within the 
extrudate. 

The process descriptions and examples which follow may 
pertain to one specific zeolite extrudate which is comprised 

30 of a zeolite L substrate bound with alumina and loaded with 
platinum which has been discovered to be a preferred 
reforming catalyst. However, the techniques and inventive 
concepts taught herein are generally applicable for other 
zeolites and binders to produce superior extruded zeolites 

35 for catalyst substrates and absorbents. 
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fiBZ£C DBSCRIPTIOM Q£ ZH£ PRAWIHCg 
Figur* 1 is a siBplified block flow diagran of th« 
process for producing ths ceolits L reforming catalyst 
including the paste mixing, extrusion, curing, hydro-thermal 
5 calcination, washing and final curing and final hydro- 
thermal calcination operations. 

Figures 2A, 2B and 2C ar« electron microscope 
photomicrographs, also at lOOOOX magnification, of a zeolite 
extrudate particle which has no film or skin around its 
10 outer surfaces. 

Figures 3A, 3B and 3C are electron microscope 
photomicrographs, at lOOOOX magnification, of a zeolite 
extrudate particle which has a tough impervious film or skin 
around its outer surfaces. 
15 Figure 4 is a graph of the temperature in the extrudate 

bed vs. time during curing of the extrudate. 

Figure 5 is a graph of the temperature in the extrudate 
bed vs. time during hydro-thermal calcination in accordance 
with the present invention. 
20 PETXTUD PESCRIPTIOH 

The present invention is directed to processes for 
producing aggregates of zeolite, and preferably extrudates 
of zeolite, wherein an aggregate or extrudate of 
metal/inorganic oxide containing aluminum, zeolite, water 
25 and peptizing agent is subjected to a sequence of steps 
which involves curing the aggregate, hydro-thermal ly 
calcining the aggregate and washing the aggregate. The 
washed aggregate is then preferably rinsed and* subjected to 
a treatment to remove excess, surface or free water, for 
30 exaq>le, by equilibrating or being subjected to a drying 
operation. Most preferably the wasbed and rinsed aggregate 
is again subjected to curing and/or hydro-thermally 
calcining treatments. 

A preferred process for producing aggregates of zeolite 
35 in accordance with the present invention, however, involves 
forming the aggregate or extrudate of zeolite by first 
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coMbining a source of alusina vith zeolita to form a mixtura 
comprising alumina and zeolite; adding a peptising agent and 
water to form a resultant mixture comprising, alumina, 
zeolite, peptizing agent and water; followed by preparing 
5 the resultant mixture into a paste comprising alumina, 
zeolite, peptizing agent and water prior to forming the 
paste into an aggregate, preferably by extruding the paste 
to form an extrudate. 

In the processes for producing aggregates and 

10 extrudates in accordance with present invention, the 
previously mentioned curing step is performed at 
temperatures within the range of ISO^F to about 250^F, for a 
time within a range of about 1 to about 20 hours, and more 
preferably at a temperature range of about 195^F for a time 

15 within the range of about 2 to 6 hours. The curing is 
performed under a humid atmosphere, preferably having a 
volume percent water within the range of about 40% to about 
100%. 

The hydro-thermal calcining step involves subjecting 

20 the cured aggregate to a humid atmosphere at elevated 
temperatures for times which are sufficient to calcine the 
cured aggregate or extrudate to strengthen, harden and 
passivate the cured catalyst without destruction of the 
zeolite contained therein or blocking access to micropores 

25 of the zeolite. Accordingly, temperatures of up to about 
1300*1400^ may be used for this purpose over a period of 
time up to about IS hours. The hydro-thermal calcining step 
preferably involves raising the temperature of the aggregate 
or extrudate to a first target temperature within the range 

30 of about 400^ to about 700^P and most preferably where the 
first target temperature is about 550^F. Raising the 
teiq>erature of the aggregate and extrudate to the first 
target temperature is preferably accomplished by increasing 
the temperature of the aggregate or extrudate from an 

35 initial temperature to the first target temperature at a 
rate within the range of about l^F to about 20^F per minute. 
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furthar involves maintaining this first target temperature 
for a time of less than about 5 hours, and preferably within 
the range of about 1*3 hours. 
^- Preferably, the hydro-thermal calcining also involves 

increasing the temperature of the aggregate to a second 
target temperature higher than the first target temperature 
but less than about 1400^F, and more preferably within the 
range of about lOOO^C to 1200^C. Again, increasing the 

10 tenperature of the aggregate or extrudate to the second 
target temperature preferably involves increasing the 
temperature of the aggregate from the first target 
temperature at a rate within the range of about l^F and 20^ 
per minute, and preferably at or about 7^P« The second 

15 target temperature is usually maintained for a period of 

time of less than 12 hours. Preferably, the 

second target tesperature is maintained for a period of time 
of less than about 5 hours and is preferably maintained at 
the second target temperature for a period of time within 

20 the range of about 1*3 hours. The humid atmosphere of the 
hydro-thermal calcining step preferably includes a volume 
percent water within the range of 40% to 100%, and 
preferably 60% to about 80%. 

Zn the processes of the present invention, as described 

25 above, the washing medium preferably includes a substance 
for dissolving detrital alumina froa the hydro-thermal ly 
calcined aggregate and for neutralising the acidity 
thereof, such as a solution of base, preferably containing a 
cation which is the same as cations contained in the 

30 seolite, and is most preferably XOH solution. For purposes 
of the present invention, the solution of base is within 
the range of 0.01 to 1.0 normal, and the aggregates or 
extrudates are exposed to an amount of the solution of base 
in the range of about 1.5 to 5.0 times the weight of the 

35 calcined aggregates or extrudates, preferably for a period 
of time within about 5 to about 60 minutes • For purposes 
of the present invention, suitable solutions of washing 
medium include solutions containing at least one member 
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selected from the group consisting of potassiua hydroxide* 
sodiua hydroxide, bariua hydroxide, lithiua hydroxide, 
rubidiuB hydroxide, and cesius hydioxide, as veil as 
solutions of basic salts of chelating agents including basic 
5 salts of amino polycarboxylic acids, wherein the solutions 
of basic salts of amino polycarboxylic acids are selected 
from the group consisting of solutions of basic salts of 
nitrilotriacetic acid and basic salts of 
ethyl enediaainetetraacetic acid, such as solutions of basic 

10 salts of ethylenediaminetetraacetic acid, wherein the 
solutions of basic salts of ethylenediaminetetraacetic acid 
are selected from the group consisting of potassium 
ethylenediaminetetraacetic acid and sodium 

ethylenediaminetetraacetic acid as well as potassium salts 

15 of ethylenediaminetetraacetic acid and sodium salts of 
ethylenediaminetetraacetic acid. The washing procedure also 
preferably involves rinsing the washed aggregates or 
extrudates with a rinsing medium to remove the washing 
medium from the aggregate or extrudate wherein the preferred 

20 rinsing medium is water and the rinsing is carried until the 
pH of the effluent water is reduced to between about 10 .0 - 
IleO and preferably within the range of about 10.5 to about 

lOeS. 

Following washing and/or rinsing of the aggregates or 
25 extrudates, the aggregates or extrudates may be permitted to 
equilibrate, may be subjected to drying, but are preferably 
subjected to a curing and/or hydro-*thermal calcining steps, 
as previously described. 

Zn accordance with the processes for producing 
30 aggregates and extrudates of the present invention as 
described above, the paste should be prepared by mixing the 
paste ingredients to a consistency suitable for extrusion, 
preferably wherein the paste has an alumina content within 
the range of about 25% to about 70% on a dry weight basis of 
35 the aggregates or extrudates, and more preferably within the 
range of 25% to 35% on a dry weight basis, and preferably 
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has a Bolstura content of about 30% to about 40% by weight* 

In accordance vith the processes of the present 
invention, as described above, the peptizing agent should be 
added in a Banner so as to become evenly distributed 
throughout the mixture in less than about two minutes so as 
to sxibstantially avoid forming sones in the mixture having 
relatively higher concentrations of the peptizing agent. 

Peptizing agents suitable for purposes of the present 
invention are substances which have a pH of equal to or less 
than about 4.0 or a pH of equal to or greater than 10.0 
including acidic substances, such as acids which are 
selected from the group consisting of organic acids, 
hydrochloric acid, and nitric acid wherein the organic acid 
is selected from the group consisting of acetic acid, formic 
acid, propionic acid, citric acid, trichloroacetic acid, 
chloroacetic acid, and oxalic acid, with nitric acid being 
the most preferred peptizing agent. The amount of 
nitric acid present is preferably from about 0.5^ to about 
3.0% by weight of aggregate. Alternatively, the 

peptizing agent may be a basic substance, in which case XOH 
is preferred. Acidic substances, which may also be used as 
peptizing agents, include acidic alumina sols, alumina 
chloride, alumina bromide, perchloric acid, and hydrobromic 
acid. 

In accordance with the process for producing aggregates 
of the present invention, as described above, the initial 
mixture of zeolite and alumina is preferably provided by 
agitating the zeolite and a source of alumina in a mixer to 
form a uniform mixture having a moisture content provided 
essentially by the water which is present in the zeolite and 
adsorbed on the alumina; it is preferred that no 
extraneously added water be introduced at this stage. 

The binder component of the aggregates and extrudates 
produced in accordance vith the processes of the present 
invention, as described above, may be a metal/ inorganic 
matrix containing aluminum, and preferably is a source of 
alumina, such as hydrated alumina, preferably selected from 
the group consisting of boehmite, and mixtures of boehmite 
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and pseudo-boehnlttt. The alimina preferred for purposes of 
the present Invention preferably is in the fors of particles 
having a particle size within the range of 10 to about 100 
sicrons^ and preferably has an average particle size of 
5 about 65 sicrons. As used herein^ netal oxide is neant to 
include both crystalline and asphorous netal ox-hydroxides, 
hydroxides and hydrated oxides and mixtures of netal ox* 
hydroxides, hydroxides, and hydrated oxides. 

The aggregate and extrudates produced in accordance 

10 with the present invention are composed of zeolite bound in 
such an inorganic oxide matrix, as described above, and 
formed into an aggregate or extrudate having an exterior 
surface and interstitial spaces or mesopores communicating 
by openings with the exterior surface of the aggregate. The 

15 aggregates and extrudates of the present invention 
preferably exhibit the following characteristics: a crush 
strength greater than about 0.9 pound per millimeter; loss 
by attrition of less than about 3.0%, preferably wherein the 
crush strength is greater than about 1.25 pounds per 

20 millimeter; and the loss by attrition is less than about 
2«0%. The catalyst activity pass through to the bound 
zeolite in catalysts produced in accordance with the present 
invention is at least about 70% of the catalyst activity of 
the zeolite. 

25 As used herein, the term substantially "skin-free" 

refers to aggregates or extrudates, having an exterior 
surface and interstitial spaces or mesopores communicating 
by openings with the exterior surface of the aggregate, 
which are essentially devoid of substance whidh interferes 

30 with communication between the openings to the exterior 
surface of the aggregate and the mesopores within the 
aggregate for conducting reactants and products between the 
exterior surface of the aggregate and micropores of the 
zeolite bound in the aggregate. 

35 For purposes of the present invention, the zeolite is 

selected from the crystalline alumina silicates represented 



wo 91/04943 



PCT/US90/05569 



- 17 - 

by thm following general formula expressed in terms of 
Boles: 

0.9±0.2K2/|^0:Al203: XSiOj 
wherein M is selected Ifroa the group consisting of «etal 
5 cations and hydrogen, N is its valence and X is a nuaber 
froa about 1.5 to about 12. Also for the purposes of the 
present inventioni zeolites include aluainosilicates wherein 
the elements gallium, titanium, and phosphorous may be 
substituted for some of the aluminum or silicon In the 

10 structure. Preferably the zeolites are selected from the 
group consisting of mordenite, zeolite X, zeolite Y, 
mazzite, zeolite L, ZSM-5, zeolite beta, zeolite rho, ZX5, 
titanosilicate, ZSM-5 containing phosphorous, and zeolites 
having a silicon-aluminiua ratio within the range of about 

15 '10:1 to 100:1, and more preferably are large pore 
zeolites, such as those selected from the group consisting 
of mordenite, zeolite X, zeolite ¥, mazzite, and zeolite L, 
wherein the large pore zeolite is most preferably zeolite L, 
more preferably having a pH within the range of about 9.4 to 

20 about 10. 0. Most preferably the zeolite L comprises highly 
crystalline crystallites wherein at least 50% of said 
crystallites are in the form of distinct circular disc- 
shaped cylinders with an aspect ratio of less than about 0.5 
and with a mean diameter of at least 0.2 micron, and more 

25 preferably wherein at least 70% of said crystallites are in 
the form of such cylinders. 

The zeolite L used for purposes of the present 
invention preferably inetludes at least one cation selected 
from the group consisting of potassium, sodiia, strontium, 

30 barium, calcium, cobalt, lithium, magnesium, rubidium, iron, 
cesium and mixtures from one or more meidt>ers selected from 
the group consisting of potassium, sodium, strontium, 
barium, calciiu, cobalt, lithium, magnesium, rubidium, iron, 
and cesium, but the preferred cation is at least one member 

35 selected from the group consisting of potassium and barium, 
with potassium being most preferred. 



wo 91/04943 



PCr/US9p/05569 



- 18 - 

Th« aggregates or extrudates of the present invention 
■ay be loaded with a suitable catalytically active aetal to 
form a catalyst which ^Is regenerable after it becoses 
deactivated so as to exhibit aore than about 70% of the 
5 reforming Catalyst Activity Test* benzene yield that the 
catalyst exhibited prior to being subjected to reforming 
conditions. 

The aggregate or extrudates produced in accordance with 
the present invention in the form of a catalyst include at 
10 least one metal selected from the group consisting of Group 
IB metals. Group VII metals. Group VIII metals, tin, 
germanium and tungsten, wherein the preferred metal is a 
Group VIII with platinum being most preferred, in which case 
the platinum is preferably present in an amount within the 
15 range of about 0.3 to 1.5 wt.% of the aggregate or 
extrudate, and at least about 95% and more preferably about 
90% of the platinum is finely dispersed, i.e., having a size 
less than about 7 Angstrom units, within the pores of the 
zeolite. In addition to the previously mentioned 
20 characteristics of the aggregates, the catalysts produced in 
accordance with the present invention exhibit a catalyst 
activity pass through to the bound zeolite of at least about 
70% of the catalyst activity of the zeolite. 

The present invention is also directed to a reforming 
25 process for producing aromatic hydrocarbons which involves 
contacting • a hydrocarbon feedsto^ under reforming 
conditions with a catalyst which comprises a zeolite bound 
in the inorganic metal oxide matrix, as described above, and 
at least one catalytically active metal formed into an 
30 aggregate or extrudate having a crush strength greater than 
about 0.9 pounds per millimeter, and loss by attrition of 
less than about 3.0%; and a catalyst activity pass through 
to the zeolite of at least about 70% of the catalyst 
activity of the zeolite. 
35 The present invention is also directed to a process for 

purifying a hydrocarbon feedstock wherein a liquid stream of 
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hydrocarbon feedstock Is contacted under conditions suitable 
for adsorption of contaminants fro» the hydrocarbon 
feedstock with ag9re9a^es and extrudates produced in 
accordance with the present invention. 
5 The following is a detailed description of the present 

invention including the best mode for practicing the 
invention. 

£^S£ yoPMOiATlON AtiD EXTRVglPW 

In accordance with the preferred embodiment of present 

10 invention, zeolite, a metal/inorganic oxide cj^ntaining 
aluminum binder, water and a peptizing agent are oc«bin«l in 
an intensive mixer to rapidly and intimately mix the 
ingredients to form a uniform extrudable paste. The amount 
of water in the paste is adjusted according to the nature of 

15 the zeolite, the binder, the degree of peptization, and the 
ratio of zeolite to binder to achieve a proper consistency 
for good extrusion. 

The metal oxide containing binder preferred for 
purposes of the present invention is hydra ted alumina, such 

20 as boehmite or boehmite/pseudo-boehmite mixtures (chemically 
a crystalline alpha alumina monohydrate) , although any 
suitable source of alumina may be used. The average 
particle size of the alumina suitable for purposes of the 
present invention is within the range of about 10 to 100 

25 microns with an average particle size of about 65 microns 
being more preferred. 

A peptizing agent is added to the paste to partially 
digest the alumina, which strengthens the extrudates. The 
peptizing agent may be selected from the group of substances 

30 having a pB of less than or equal to 4.0 and substances 
having a pB of greater than or equal to 10.0. Acidic 
substances which may be used as peptizing agent include 
acids, acidic alumina sols, aluminum chloride and aluminum 
bromide. The preferred peptizing agent for purposes of the 

35 present invention is nitric acid although other acids and 
organic acids, such as formic, propionic, oxalic, citric. 



wo 91/04943 



PCr/US90/0S569 



- 20 - 

trichloroacetic « chloroacetic and acetic acids can be used . 
Alternatively, a suitable base can be used to peptize the 
aluaina since alusina is anphoteric. In this regard, a base 
containing cations which' are the sane as the cations in the 
5 zeolite are believed to be advantageous so as not to 
introduce extraneous cations into the zeolite. 

The alUBina content of the extrudate can range froa at 
least about 20% up to about 99% by weight on dry basis. 
Generally, extrudate strength increases with increasing 

10 aluaina content. However, it is preferred to use the least 
alUBina %)hich provides adequate extrudate strength since 
aluMina aay induce undesirable reactions and adds cost and 
bulk to the extrudate. Suitable zeolite extrudates can be 
produced with the foraing procedures described herein using 

15 alumina to zeolite ratios at the lower end of the aluaina 
content range, i.e., 25% to 35%, for achieving extrudate 
strength. 

The amount of nitric acid solution (70 %rt.% nitric acid 
in water) added to the paste can range between about 0.5% 

20 and 2.5% by weight on dry basis. 

Preferred mixers for purposes of producing paste with 
the requisite consistency for extrusion in accordance with 
the present invention are intensive batch mixers. A key 
criterion when choosing a mixer is that the mixer must be 

25 able to mix the peptizing agent into a combination of 
zeolite and alumina to homogeneity quickly, i.e., preferably 
within five minutes, and more preferably in less than two 
minutes, after the initial addition of the peptizing agent 
to the coabinatimt of zeolite and alumina, because it has 

30 been observed that catalyst activity may be adversely 
affected if mixing time exceeds five minutes during this 
step. Another criterion is that a paste having a 
consistency suitable for forming into aggregates, e.g., by 
extruding to form extrudates, must be obtained within a 

35 total mixing time of 15 minutes or less, as measured from 
the time irtien the peptizing agent is initially added to the 
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coBbinatlon of «eollt« and alimlna and pr«f«rably vher«in 
tha total Bixing ti»« i« less than about 5 ainutas. 

Accordingly » a paste ^c?»priaing leolite, aliutina, water 
and peptizing agent is prepared by agitating the zeolite and 
5 the boehaite in an intensive aixer to form a uniform aixture 
of alumina and zeolite. Preferably no extraneously added 
water is included at this stage of the process so that the 
moisture content of the mixture is provided essentially by 
the water present in the zeolite and absorbed on the 
10 alumina. Then the peptizing agent solution !• added to the 
mixture of zeolite and alumina preferably by being poured or 
sprayed over the paste while the mixer Is turning. The 
peptizing solution is spread evenly over the paste as it is 
being mixed under intense mixing conditions to promote rapid 
15 dispersion to homogeneity and to avoid temporarily forming 
zones In the paste where acid concentration is high. As 
previously indicated, this must be accomplished as quickly 
as possible, preferably in less than two minutes. Finally, 
the resultant mixture is prepared into a paste by mixing for 
20 an additional period of time until the paste has an 
extrudable consistency, i.e., for a total mixing time of 
less than 15 minutes and preferably less than about 5 
minutes, from the initial addition or introduction of the 
peptizing agent to the zeolite and alumina. 
25 The paste Is then extruded through a die with an 

extruder. The type of extruder is not particularly 
crltlcali for example, single screw, twin screw or ram type 
extruders are acceptable. 

The foregoing procedure for forming zeolite aggregates 
30 Is preferred for purposes of the present Invention. 
However, other methods of forming a formed zeolite bound in 
an alumina binder, for example, as disclosed in commonly- 
owned U.S. patent application Serial Mo. 880,087, 
TROWBRIDGE, the disclosure of which Is hereby Incorporated 
35 In Its entirety by reference thereto, may be used to form 
zeolite aggregates which may be processed In accordance with 
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th« procedures described belov as another eabodiaent of the 
present invention. Although extrudates are preferred, other 

aggregates selected from the group consisting of agglomerates, 
pellets, pills, prills, spheres and tablets may be formed. 

5 CORIMG 

In accordance with thm present invention, an aggregate 
or extrudate coxposed of zeolite bound in alumina is cured 
at 180^ P to 250^ P in an appropriate chamber for applying 
controlled husidity and heat under humid air for a time 

10 vithin the range of about 2 to S hours. The curing is done 
under very humid air, 40% to 100% relative humidity. The 
type of chamber used is not critical, and suitable chambers 
include box ovens in which the extrudate is loaded on to 
trays which are inserted into the oven, or continuous belt 

15 dryers in which the extrudate move through the oven and are 
cured in a continuous process. During curing, the boehmitic 
alumina binder begins to undergo phase transitions vhich are 
part of the extrudate hardening process. 
HTPRP-THERMMf CALCINATIQN 

20 In accordance with the present invention, the 

aggregates and extrudates are subjected to hydro-thermal 
calcination. In this regard, hydro^thermal calcination 
serves to impart requisite mechanical strength to the 
uncalcined extrudate by forming hydrogen-oxygen bonds which 
25 cross-link among alumina particles and between alumina 
particles and zeolite crystals, while neutralising acidity 
and reducing the surface area of the alumina, i.e., 
passivating the alumina surface. During hydro-thermal 

calcination, the alumina, which is initially in the 

30 boehmitic form, changes to other forss of alumina with a 
reduction in surface area and acidity. 

The hydro-thermal calcination can be done either 
continuously on a belt moving through an oven or a kiln, or 
batchvise in a tray oven. The temperature of the extrudate 

35 is raised to. between 400^P and 700^P, preferably 570^ P, at 
between l^P and 20^P per minute, and preferably at about 7^P 
per minute, and held at a temperature within this range for 
less than 3 hours, i.e., about 1-2 hours. Heat-iqp rates 
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abov« 20*'F p«r ainut* «r« to b« avoided to preclude 
exploding the extrudate by rapid steaa expansion. The 
extrudate is held within the selected first plateau or 
target temperature range for about one to two hours. Then 
5 the extrudate temperature is further raised to between about 
1000*»F and 1200°F, preferably 1100*>P, again at a heat-up 
rate of between S^F and 20<* P per ninute, and preferably at 
about 7«F per minute, and held at that temperature for 
between 2 and 4 hours. The hydro-thermal calcination is 
10 done under an atmosphere of 30% to 100% by volume of steam 
in air at atmospheric pressure. The extrudate is then 
cooled to ambient temperature over a period of about 1 to 2 
hours. 

15 The hydro-thermally calcined extrudate is then washed 

with a washing medium which is preferably an aqueous 
solution of base. It is believed that tbm washing serves to 
remove detrital materials which block access to the zeolite 
microchannels or micropores of the zeolite and neutralize 

20 acidity in the extrudate which could induce deleterious 
cracking and coking reactions by the finished catalyst. 
Since the exchangeable cations in the zeolite in the 
reforming catalyst preferred for purposes of the present 
invention are primarily potassium, wash medium is a KOH 

25 solution so that no ion exchange will occur. After washing, 
the extrudates are rinsed with water to remove residual 
base. 

The concentration of the wash KOB solution can be in 
the range of 0.01 to l.o Hormal. Typically, an amount of 
30 wash solution in the range of 1.5 to 3.0 times the weight of 
the charge of extrudates will suffice. Ambient temperatures 
have been found to be satisfactory tor washing, but 
temperatures ranging up to about 212*»F may be used, with 
temperatures within the range of about 50®F to about 90®F 
35 being preferred. 

The washing media suitable for purposes of the present 
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invention include of solutions of base, and solutions 
containing basic salts of chelating agents • Preferably the 
solution of base is a jiqlution containing at least one 
member selected froa the group consisting of potassiua 
5 hydroxide, sodium hydroxide, barium hydroxide, lithium 
hydroxide, rubidium hydroxide, and cesium hydroxide. 
Preferred are basic solutions that are effective for 
dissolving detritial alumina. Suitable washing media include 
solutions of basic salts of chelating agents, such as basic 

10 salts of amino polycarboxylic acids, wherein the solutions 
of basic salts of amino polycarboxylic acids are selected 
from the group consisting of solutions of basic salts of 
nitrilotriacetic acid and basic salts of 
ethylenediaminetetraacetic acid. Preferably, the solutions 

15 are solutions of basic salts of ethylenediaminetetraacetic 
acid, which are selected from the group consisting of 
potassium ethylenediaminetetraacetic acid and sodium 
ethylenediaminetetraacetic acid. After the wash is 

complete, the wash solution is drained off the extrudates 

20 and the batch of extrudates is rinsed with water by 
repeating the wash procedure with water, in place of KOH 
solution, until the pH of the wash water falls below 10.8. 

The washed extrudate is then cured and hydro-thermally 
calcined again as described above to complete the production 

25 of the catalyst substrate* 

EXTRVPATB ZBSZZHfi 

Crush strength of extrudates produced in accordance 

with the present invention as described herein is tested 

using ASTM Procedure D4179-82. Crush strength must be 
30 greater than 0.9 pound per millimeter and preferad^ly greater 

than 1.25 pounds per millimeter to hold up in commercial 

packed bed reactors. 

Attrition R?glg^an<?g 

Z^ss by attrition of extrudates produced in accordance 
35 with the present invention as described herein is tested 

using ASTM Procedure D4 058*81. Loss by attrition should be 
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less than about 3.0% to b« sultabla for coMsercial 
application, and preferably less than about 2.0%. 

The absence or presence of film or skin coatings over 

5 the outer surfaces of the extrudate and zeolite crystals 

using a conventional electron aicroscopes can be detected at 

lOOOOX nagnification. Both types of file interfere with 

flow of reactants and products to and fros active catalytic 

sites in the aicrochannels or aicropores of the zeolite. 

10 Figures 2A« 2B and 2C are electron microscope 

photoaicrographs, also at lOOOOX eagnif ication, of a seolite 

extrudate particle which has no fila or skin around its 

outer surfaces or around individual zeolite crystals. 

Figures 3A, 3B and 3C are electron aicroscope 

15 photoaicrographs, at lOOOOX magnification, of a zeolite 

extrudate particle which has a tough impervious film or skin 

around its outer surfaces. 

2£&LIZE h SYWTHEglS 

Large pore zeolites are defined for purposes of the 

20 present invention as zeolites having an effective pore 
diameter between 6 and 15 Angstroms. It has been established 
that large pore zeolite catalysts containing at least one 
Group VIII metal are efficacious for reforming C6 to C8 
naphtha petroleum fractions. Of all large pore zeolites, 

25 zeolite L is preferred for this application, although 
mordenite, zeolite X, zeolite Y, and mazzite may be suitable 
for purposes of the present invention. 

Zeolite L, its x-ray diffraction pattern and its 
properties, are described in detail in U.S. Patent Mos. 

30 3,216,789, and 3,867,512, the disclosures of which are 
hereby incorporated by reference in their entirety. A 
composition of type L-zeolite expressed as mole ratios of 
oxides may be represented as follows: 

(0. 9-1. 3)M2/n) :A1203 (5.2-6.9) 8io2:yB20 

35 wherein H designates a cation, n represents the valence of M 
and y may be any value from 0 to 9. The cheeical formula 



wo 91/04943 



PCr/US90/05569 



• 26 - 



can vary vlthout changing the parallal channel cry stall ina 
structura %rtilch is the distinguishing feature of teolite L. 
For exaaple, the silicon^ to aluminum ratio may vary from 
1.5 to 200:1. 

5 Type L zeolites are conventionally prepared such that 

the M cation in the above formula is potassium. See U.S. 
Patents Hos. 3/216,789 and 3,867,512. The potassium can be 
ion exchanged, as is veil known, by treating the zeolite 
with an aqueous solution containing the cations to replace 
10 potassium. However, it is difficult to exchange more than 
75% of the original potassium cations inaccessible to 
foreign cations. Suitable cations which can be exchanged 
for strontium, rubidium and calcium. Barium has been 
reported to be a particularly advantageous cation for 
15 catalysts, but potassium is most preferred for purposes of 
the present invention. 

The catalytic performance of a zeolite L reforming 
catalyst depends on the morphology of the zeolite crystals, 
i.e., their shape, form and regularity. The morphology of 
20 the zeolite preferred for reforming catalysts is specified 
in U.S. Patent No. 4,544,539, and procedures to synthesize 
zeolite L with this morphology are specified in U.S. Patent 
No. 4,701,315, the disclosures of which are hereby 
incorporated by reference in their entirety thereto. 
25 The zeolite L preferred for use for purposes of the 

present invention has at least 50% of the zeolite 
crystallites which are circular cylinders with an aspect 
ratio of at least 0.5, the crystallites have a mean diameter 
of at least 0.2 microns, and the range of crystallite 
30 diameters is 0.1 to 2.5 microns. As used herein aspect 
ratio means the length of the cylinder surface to the 
diameter of the cylinder. 

The zeolite L powder as it emerges from the 
crystallizer in which it is synthesized must be separated 
35 from its crystallization mother liquor and appropriately 
washed to remove mother liquor residues. The pH or the 
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aoth«r liquor is high, typically ovar 12. It has baan 
discovarad that suparior catalysts ara produced when the 
zaolita crystals are washed with water until their pH falls 
into the range of 9.4 to 10.0 to achieve peak catalytic 
5 activity. Procedures for filtering and washing the zeolite 
crystals and testing their pH are described in comnonly 
o%med pending U.S. Patent Application Serial Mo. 259,644 by 
KAO et al., the disclosure of which is hereby incorporated 
by reference in its entirety. 

10 HEX&L IfiAIZUSfi Zfi £BEE&BE CATALYST 

In order to complete the preparation of the refoning 
catalyst, catalytlcally active metals are dispersed into the 
zeolite in the extrudate. The catalytic metals include one 
or more from Groups IB, VII and VIIX of the Periodic Table. 

15 Platinum, rhenium and iridium are often used. Other metals 
can be added in addition to Group VIIX metals to promote the 
activity and stability of the catalyst. These include tin, 
iron germanium and tungsten. 

The catalytic metals can be added either during 

20 synthesis of the zeolite to the zeolite crystals prior to 
forming the extrudate or into the whole extrudate after 
forming. 

A common procedure which is used to add metals to the 
substrate is impregnation. This can be accomplished by 

25 either soaking in platinum salt solution or by adding 
platinum salt solution to the zeoli1:e to incipient wetness. 
The distinguishing feature of impregnation techniques are 
that the metal salts used contain the metals in anionic 
radicals, vhi^ means that the metals do not attach to the 

30 zeolite by ion exchange. For platinum aqueous solutions of 
as chloroplatinous acid, hexachloroplatinic acid, 
dinitrodiaminoplatinum and platinum 1:etramine dichloride are 
commonly used. Impregnation can be done adding a measured 
amoimt of the appropriate salt solution to the substrate or 

35 by dunking the substrate into a bath of salt solution in 
which the salt concentration has been adjusted so that the 
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liquid retained by the substrate when it is removed froa the 
bath contains the desired quantities of metals. 

Alternatively, the catalytic metals can be introduced 
using salts in which the metals are in the cations of the 
5 salts. In this case the metals attach to the zeolites via 
ion exchange as well as by impregnation* Ion exchange metal 
loading can be accomplished by dripping the salt solution 
into the substrate or by total immersion of the substrate 
into a bath of salt solution. Platinum tetramine 

10 dichloride, a salt in which the platinum is present as a 
cation, is commonly used to add platinum to zeolites via ion 
exchange* 

Examples of platinum salts suitable for impregnation 
procedures include aqueous solutions of tetrammineplatinum 
15 (II) nitrate, tetrammineplatinum (II) chloride, or 
dinitrodiamino-platinum (II) . For ion exchange a salt 
containing a cationic platinum complex such as tetram- 
mineplatinum (II) nitrate is required. 

For purposes of the present invention it is preferred 
20 to load the platinum into extrudate using an ion exchange 
soaking procedure in which we control the amount of platinum 
and potassium added to the extrudate and also final pH of 
the loading solution as the extrudat:e is withdrawn from the 
loading vessel. A preferred metal loading procedure is 
25 described in detail In commonly-owned U.S. Patent No. 
4,568,656, the disclosure of which is hereby incorporated by 
reference in its entirely. 

Preferred zeolite reforming catalysts are those in 
which the platinum is well dispersed into the zeolite 
30 micropores, uxxcix that at least 70% and more preferably at 
least 90% of the platinim particles have diameters less than 
7 Angstroms. 

Preferably platinum alone in the amount of 03 to 1.5 
wt.% is loaded onto the extrudate, preferably using the ion 
35 exchange immersion procedure using platinum tetramine 
dichloride salt. Representative procedures for producing 



wo 91/04943 



PCr/US90/05569 



• 29 - 

catalysts, and preferably reforming catalysts, suitable for 
purposes of the present invention are disclosed in U.S. 
Patent No. 4,568,656 to J>O.EPP£LHEIER et al. and U.S. Patent 
Application Serial Nos. 107,211 and 099,432. Moreover, as 
5 discussed in U.S. Patent No. 4,595,668, POEPPEUfEZER, and 
U.S. Patent No. 4,595,669, FUNG et al., U.S. Patent No. 
4,595,670, TAUSTER et al., superior catalysts are obtained 
when at least 90% of the netals added to the catalyst prior 
to reduction are less than 7 Angstrom units in size. Thm 

10 disclosures of U.S. Patent Nos. 4,568,656; 4,595,668; 
4,595,669; and 4,595,670, as well as comnonly-ovned U.S.S.N. 
99,432 and 107,211, are hereby incorporated herein in their 
entirety by reference thereto. 

A procedure for loading platinum into the extrudates in 

15 accordance with the present invention is as follows: 

1) A concentrated XOH solution is prepared by 
dissolving 80.0 grams of 85% KOH in 200 grams of water. 

2) 9.7055 grams of platinum tetramine dichlofide is 
then dissolved in 1400.00 grams of water. 

20 3) 14.70 grams of the KOH solution and 7.2717 grams of 

KCL is added to the above solution. 

4) Water is added in an amount sufficient to make 1440 
grams of platinum loading solution having a pE of 12.5 to 
12.7. 

25 5) The platinum solution is circulated through 800.00 

grams of extrudate for 1«5 hours, before draining the 
platinum solution and storing the extrudates in a plastic 
bag. 

6) The wet platinum-loaded extrudate as a resultant 
30 catalyst is aged/stored in the plastic bag at about 50^C for 

20 hours. 

7) The catalyst is then dried and calcined as per 
previous discussion. 

REFORMING OPERATION 
35 The catalysts produced in accordance with the present 

invention have been discovered to be particularly effective 
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in overcoming the previously discussed problems associated 
with using conventional reforming catalysts in reforming 
procedures wherein a hydrocarbon feed is exposed to the 
catalyst under reforming conditions. CATALYST ACTIVITY TESy 
5 The performance of a catalyst is defined by i) its 

activity: the rate at which the catalyst converts reactant 
ii) its selectivity: the fraction of the converted reactant 
that is converted to desired product; and iii) its activity 
maintenance: the stability of activity and selectivity with 

10 increasing time at reaction conditions. As previously 
mentioned, reforming catalysts deactivate with time at 
reacting conditions due to coking and agglomeration of the 
catalytic metals in the catalyst. 

An accelerated 46 hour catalyst activity test has been 

15 developed which accurately rates the performance of both 
zeolite extruded zeolite L, and extruded zeolite L 
reforming catalyst. 

The zeolite L and extrudates of zeolite L are loaded to 
0.64 %rt.% platinum. The activity test is conducted at 950^P 

20 at space velocity of 8.0 v/w/hour based on zeolite in the 
catalyst, i.e., platinum load on unbound zeolite as well as 
platinum loaded on zeolite bound into an aggregate or 
extrudate, and 4.25 molar hydrogen to feed ratio. The feed 
is 40% normal hexane and 60% methyl -pentanes by weight. 

25 The catalyst performance figure of merit is the weight 

percent benzene yield on feed after 46 hours at test 
conditions. The ratio of the activity test 46 hour benzene 
yield of the platinum-loaded zeolite powder unextruded to 
the same quantity of platinum-loaded zeolite extruded, is 

30 referred to herein as the "activity pass through to zeolite 
ratio", and is a measure of the quality of the extrudate. 

Extrudate ratios in excess of 70% are obtained with 
reforming catalyst extrudates made using techniques in 
accordance with the present invention. For purposes of the 

35 present invention extrudates should pass at least 70% of the 
activity of the zeolite L through to the catalyst. To be 
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accaptablc for purposes of th« prosont Invontion, a 
r«foniing catalyst aust deaonstrata activity of at laaat 32 
to 33 %rt.% benzana yialdt basad on a standard CAT tast. 

REGEWERATIOM 

Under reforsing conditions, raforsing catalysts 
typically loosa activity with tiaie due to coking in 
catalytic netal conglomeration. During refoning, this loss 
of activity aay be compensated for by raising reactor inlat 
temperatures. Ho%rever, vhen the reactor inlet temperature 
reaches a practical maxiaua, i.e., a taaperatura vithin tha 
range of about 950®F to about lOSO^F, the reactor is 
noraally taken off-line and the catalyst is regenerated. 
Accordingly, the catalyst produced in accordance with the 
present invention, as described above, upon being subjected 
to reforaing conditions for extended periods of tiae, is 
taken off oil and regenerated in accordance vith 
conventional regeneration procedures. In so doing, the 
platinua aay be redispersed on the catalyst coaprising 
zeolite-L and the inorganic oxide binder by subjecting the 
catalyst to oxychlorination under oxychlorinating 
conditions, contacting tha catalyst with an inert gas, 
followed by contacting the catalyst with dry hydrogen. 
Representative procedures for regenerating catalysts, 
coaaonly owned vith the present application, include 
25 regenerating procedures disclosed In U.S. Patent Mo. 

4,595,669, FUNG et al., U.S. S.N. 814,027, FUN6 et al., and 
U.S. S.N. 170,503, CROSS et al., the disclosures of i^ich are 
hereby incorporated in their entirety by reference thereto. 

As used herein a "regenerable catalyst" for purposes of 
the present invention is a catalyst %^ich, when subjected to 
the previously described CAT test, exhibits aore than about 
70%, for example at least 80% or at least 90%, of the reforming CAT 
benzene yield that the catalyst exhibited when similarly tested 
prior to being exposed to the hydrocarbon stream under the specified 
35 reforming conditions of the CAT test. 

The following is given by way of representative example 



20 



30 
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Of « pr«f«rrttd aBbodimant of tho process for producing 
substantially "skin-f res", high catalyst activity pass 
through to zeolite eytrudates having requisite crush 
strength and resistance to attrition, and regenerability of 
5 the catalyst in accordance with the present invention. 
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milBLB I 
Preparation q£ c&slLfi bfilSh 

350 lbs. (dry basls^ of zeolite L which was detemined 
to contain 150 lbs. of residual water, was blended with 150 
5 lbs. of boehmlte, by nixing for five ninutes in an intensive 
Bixer. eleven (11) lbs. 70% of a nitric acid solution 
dissolved in 81 lbs. of water were distributed uniformly 
into the batch. The tise required to add the aqpieous 
solution of the peptizing agent and distribute it ttnifomly 
10 into the paste was. two ainutes. 
Extrusion 

The paste batch was extruded into 1/16** extrudates. 
eyeing 

The green or uncured extrudates were placed in covered 
15 trays to a depth of approximately 1 1/2". The trays were 
tightly covered to ensure curing in a husiid atmosphere, and 
placed on a couercial moving belt dryer. Time in the dryer 
was 200 minutes. Figure 4 is a graph of the tea^rature in 
the extrudate bed vs. time during curing. The temperature 
20 of the extrudates was increased from the ambient 75^F to 
220^ in 50 minutes, held in a range of 200^F to 240^ for 
280 minutes and cooled rapidly to 15p^F. Hvdro^Therma 1 

Calcination 

The batch of extrudate was hydro-thermal ly calcined in 
25 a coBuaercial continuous moving belt kiln. The steam was 
injected into the kiln. The steam content of the air in the 
kiln was calculated to be 70 vol. % water in the air 
atmosphere over the extrudate. Figure 5 is a plot of 
extrudate temperature vs. time in the kiln. The air 
30 temperature in each kiln zone is shown also on Figure 5. 
The extrudate batch was spread uniformly on the belt to a 
depth of 1 1/2 "-2». 
Washing 

The hydro-thermally calcined batch of extrudate 
35 weighing 450 lbs. dry was transferred to a drum and washed 
with a solution of 900 lbs. of water containing about 2.5 
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Ihm. of KOR by punping th^ KOH solution through the bed of 
0Xtrudat« at a rata of 44 gpm for about 30 sinutea. 
Residual KOH solution vas .jdrained froa the extrudate and the 
extrudate batch was washed with 88 gallons of water by 
5 circulating the water through the extrudate bed at 44 gpa 
for about 30 ainutes. The water wash procedure was repeated 
two more tines « At the end of the third wash, the pH of the 
wash water was 10. 6 • 
Second drying and CftlglMtiQIl 
10 The washed extrudates were dried and calcined again 

using essentially the sane procedures as described in the 
first drying and calcination procedures. 
Rvtmidate t^g^ilW 

The extrudate produced by the procedure of Example I, 
15 using test procedures previously described, is characterized 
as follows: 

Crush strength-1.51b/mm 
Attrition loss-1.0% 

Inspection of electron microscope photomicrographs of 
20 the extrudate at 1000 and 10000 magnification, respectively, 
showed substantially no skin or film around the exterior of 
the extrudate and the individual zeolite microcrystals in 
the extrudate, whi^h would interfere with communication 
between the micropores of the zeolite, and openings on the 
25 exterior surface of the aggregate « 
Platinum lading 

Several pounds of the extrudate produced as described 
above were loaded to 0.64 %rt% using previously described 
metal loading procedures. 
30 Testing Mirudates R^fprpinq Cat^lV^tg 

The platinum load extrudate and the zeolite L 
compounded Into the extrudate were both activity tested for 
reforming activity using the catalyst activity test 
previously described. Both the platinum loaded extrudate 
35 and the zeolite L compounded into the extrudate were loaded 
to 0.64 wt.% platinum. The benzene yield after 46 hours for 
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th« platinuB loaded catalyst was 35% and for the aeolite L 
was 45%. The ratio of these two yields, which is the 
catalyst activity pass-through to zeolite ratio, is 80%. 
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The following is exaapl* o£ a reforming process which 
used a reforming catalyst produced in accordance with the 
present invention. One pound of. the catalyst extrudate 
5 containing 0.64 wt.% platinum, produced as previously 
described, was charged into a catalytic reforming pilot 
unit. The unit included four one inch diameter reactors in 
series with heaters upstream of each reactor. The reactors 
were operated adiabatically. 
10 The feedstock analysis was: 

ISHEQliEMT Hfe^ 

" o 36 

dimethyl butane 

15 iiSS *«-05 

n-C€ 29 69 

methyl cyclopentane s 

cyclohexane n 2« 

Benzene n'tZ 

dimethyl cyclopentane 1*12 

^* o SI 

toluene 

C6+ olefins 3 ?I 

25 Operating conditions were: 

Hydrogen partial pressure 98 psia 

Hydrogen to feed molar ratio 4 5*^ 

^ , ^V^^^^ hourly space velocity i.*3 
Catalyst distribution: Lead reactor-18%; second 
30 reactor-22%; third reactor 30%; tail reactor 30 
Results after 250 hours; 

Hours Qq Oil 

250 

Average Temperature, ®c 
35 Benzene, wt.% On Peed 35 
Selectivity, Wt.% ^2 

The preceding data, particularly its CAT rating, 
indicates the superior performance of catalysts produced 
using the techniques of this invention. 
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B}itlS£J£ III 

A cured extrudate prepared following the procedure 
described In Exanple I was hydro-theraally calcined under 
steaa at 600®F for thirty (30) minutes, and then at 1250°F 
5 for twenty (20) ainutes with a heat-up rate of 60*>F per 
Binute. Subsequently, however, the hydro- thermally calcined 
extrudate was washed with KOH and rinsed with water, in a 
manner consistent with the procedure used in Example I. The 
extrudate was then converted to a reforming catalyst by 
10 adding platinum. 

The resultant catalyst exhibited a CAT rating of only 
27 wt.% benzene yield in contrast to a hydro-thermal ly 
calcined extrudate produced completely in accordance with 
the present invention which exhibited a CAT rating of 35 
15 wt.% benzene when converted to a reforming catalyst. 
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A batch of extrudata was prepared in accordance with 
the procedure used in Example I. Prior to washing, however, 
the batch of hydro-thermal iy calcined extrudates was divided 
5 into two samples. One sample was directly converted to a 
reforming catalyst by adding platinum. The second sample 
was washed with a KOH solution and rinsed with water, as in 
Example I, followed by curing and hydro-thermal ly calcining 
a second time followed by conversion to a reforming catalyst 
10 by metal loading with platinum. 

The extrudates which had been washed with KOH exhibited 
a CAT rating of 34.5 wt.% benzene yield, whereas the 
extrudates which had not been washed with a KOH solution 
exhibited a CAT rating of only 30.8 wt.% benzene yield. 
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EXAMPLE X 

An extrudate produced in accordance with the procedure 
described in Example I and converted to a cataly.t by adding 
platinu. was tested and determined to have a CAT rating of 
5 the fresh catalyst of 35 wt.% benzene yield. After the 
catalyst was operated on oil for 100 hour, under the 
conditions set forth below, the catalyst was regenerated 
following the procedure listed below. 
pi>q^ni»T-ation pryggdurg 
10 £skft Bsan 

1.1) I hour heat-up to 510**C 

1.2) 10% Oj/Ha* 
Air 500 »l/«in 
Nj 500 ml/min 

2) 16 hours burn at 510**C 
i^^^tpM or\ nation 

1.1) « hours at 510**C 

1.2) 10.% O2/H2* 
Air 500 «l/«in 

20 1.3) 0.324% HCl/Mj: 

5.% HCI/H2 64.8 ml/min 
1.4) 3.35% H2O/H2 

H2O/N2 437.3 ml/min 

H2O vapor temperature 4l*'c 
25 2) cool to room temperature under dry H2 

3) 30 min heat-up to 510^0 

4) 15 min oxychlorination at 510®C (with the 

same gas compositions as before ^ 

5) 5 hours oxychlorination cool down to 345 C 

30 Hfi& hiL SMKlnq 

1.1) 1 hour wet air soak at 345 C 

1.2) 10.% O2/H2: 
Air 500 ml/min 

1.3) 3.35% H2O/N2: 

35 H20/**2 *3''«3 ml/min 

H2O vapor temperature 41*'C 
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1-4) Dry 63 »1/Bin 

1.1) 1/2 hoiur dry Nj purg* at 345®c 

1.2) Dry Hj 1000 al/nin 

ii2 Reduction 

1.1) 1 hour dry Hj reduction at 345**C 
1.2 20% Hj/Nj: 

H2 200 al/Bln 
N2 800 Bl/Bln 

Cool to rooa teaperature under dry H2 
The CAT rating of th« regenerated catalyst was 33 wt.% 
benzene yield. 

An iaportant characteristic of the refoming catalyst 
produced in accordance with the present invention is that 
15 the refoMing catalyst is regenerable to a relatively high 
percent of its initial fresh activity. 



10 2) 
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£XAH£LE XI 

The photoaicrographs of Figures 2 and 3 vere taken with 
a conventional scatterifig transaission electron aicroscope 
(SEM) using conventional techniques at 10000 X aagnif ication 
5 which illustrates the difference between **skin-free" 
extrudates in accordance with the present invention (Figures 
2A, 2B and 2C) and extrudates with ^skin" around both the 
exterior surfaces of the x-rayed particle and the individual 
zeolite crystals (Figures 3A, 3B and 3C). 

10 The photoaicrographs Identified as (Figures 2 A, 2B and 

2C) were taken of extrudates produced following the 
procedures disclosed herein for producing aggregates and 
extrudates in accordance with the present invention. An 
extrusion paste was prepared by combining 56 pounds (dry 

15 basis) of zeolite L with 34 pounds of boehaite alumina in an 
intensive mixture* A solution of 1«6 pounds of 70% nitric 
acid in 13 pounds of water was sprayed over the powder 
mixture and blended uniformly into the paste in 2 minutes. 
The paste mixing was continued for 3' more minutes, followed 

20 by extrusion through 1/16** dies« The extrudates were cured 
for 2 hours under steam at one atmosphere in covered trays 
and hydro^-thermally calcined for 2 hours at 600^C under 
steam. The extrudate- was then washed with 160 pounds of 0.5 
normal KOH solution, drained and triple-rinsed with 160 

25 pounds of water used during each rinsing. The curing and 
hydro-thermally calcined treatments were then repeated. 
Referring to Figures 2A, 2B and 2C, it can be noted that the 
individual cylinders of seolite crystals are essentially 
free of skin or film coatings as are the exterior surface of 

30 the extrudate particles. These extrudates, when tested in a 
manner consistent with the procedures described herein, 
exhibited in CAT ratings of 34% benzene yield. 

Referring to Figures 3A, 3B, and 3C, these are 
representative microphotographs of extrudates produced using 

35 techniques not in accordance with the present invention.. 
These extrudates were produced using an alumina sol recipe. 
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Thm extrusion paste of alumina blend includes 72 vt.% of 
zeolite 21% alunina in the form of a sol (Nyacol AL20) , 
and 7% alumina from boehfiite* The paste was dried under air 
at 120^C to reduce the water content of the paste to about 
5 35%, and then the paste was extruded through a 1/16" dye. 
The extrude tes were dried under air at 120^C for thirty 
minutes and calcined under air at SOO^C for 3 hours. 

It will be noted that thes^ extrudates exhibit a 
relatively Chicle, impervious coating of alumina which 

10 surround the zeolite particles and which coat the outer 
surface of the entire extrudate particle. When these 
extrudates were tested for reforming activity using the CAT 
procedure, as described herein, they tested at about 21% 
benzene yield vs. the 35% benzene yield which is considered 

15 to be suitable for purposes of catalyst activity and is 
consistent with aggregates and extrudates produced in 
accordance with the present invention. 
Adsorption 

Aggregates and extrudates produced in accordance with 

20 the present invention, exhibiting the previously discussed 
characteristics, may also be suitable for use as adsorbents 
for separating and/or purifying hydrocarbons by contacting 
the hydrocarbon under conditions suitable for adsorption of 
targeted components from the hydrocarbons with aggregates, 

25 such as extrudates, produced in accordance with the present 
invention. The aggregates and extrudates of the present 
invention may also be used to isolate certain fractions or 
components of the hydrocarbon stream. Conventional 
processes for purifying and/or isolating specific 

30 hydrocarbon sliream using solid adsorbents generally involve 
contacting a bed containing the solid adsorbent material 
with the cruder hydrocarbon stream in either the liquid or 
vapor phase under conditions which favor adsorption. During 
such contacting, a relatively minor portion of the 

35 hydrocarbon stream is adsorbed into pores of the solid 
adsorbent. Depending on the particular process, and the 
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product involved, th« adsorbent may b« us«d to adsorb tha 
desirad product, vhlch la than desbtlaad and racovarad, or to 
adsorb undasirad contaminants, rasulting in an affluant 
which is tha purified product. 
5 Although tha aggregatas and axtrudatas containing 

zeolitas produced in accordance with the present invention 
may be employed in conventional adsorption processes, a 
preferred adsorption procedure involves purifying a 
hydrocarbon feedstock which contains at least one 

10 contaminant selected from tha group consisting of aromatic 
compounds, nitrogen-containing compounds, sulfur-containing 
compounds, oxygen-containing compounds, color bodies, and 
mixtures thereof, involves the steps of contacting a liquid 
feed stream of the hydrocarbon feedstock with an adsorbent 

15 comprising a zeolite under conditions suitable for the 
adsorption of at least one contaminant by the zeolite to 
produce a contaainant-loaded zeolite. 

Although the invention has been described with respect 
to particular means, materials, and embodiments, it is to be 

20 understood that the invention is not limited to the 
particulars disclosed and extends to all equivalents within 
the scope of the claims. 
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CLAIMS : 

1. A process for producing zeoll*te 
aggrega-tes comprising: 

a) providing a formable paste comprising 
zeolite, an inorganic oxide containing aluminxim, a 
peptizing agent and water; 

b) forming said paste into an aggregate; 

c) curing said aggregate to result in a 
cured aggregate; 

d) hydro- thermally calcining said cured 
aggregate to result in a hydro-thermal ly calcined 
aggregate ; and 

e) washing said hydro- thermally calcined 
aggregate with a washing medium to result in a washed 
aggregate . 

2. The process in accordance with claim 1, 
wherein said curing comprises subjecting said aggregate 
to temperatures within a range of 82°C to 121^C (ISO^F to 
250^F) . 

3. The process in accordance with claim 2, 
wherein said curing at said temperatures is performed for 
a time within a range of 1 to 20 hours. 

4. The process in accordance with any of 
claims 1 to 3, wherein said curing is performed under a 
humid atmosphere which comprises a volume percent water 
within the range of 40% to 100% • 

5. The process in accordance with any of 
claims 1 to 4, wherein said hydro-thermal calcining 
comprises subjecting said cured aggregate to a humid 
atmosphere at elevated temperatures for times which are 
sufficient to strengthen, harden, and passivate said 
cured aggregate without blocking access to micropores of 
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said zeolite or causing permanent structural change to 
said zeolite. 

6. The process in accordance with claim 5, 
wherein said temperatures are less than 760^C (1400^F) . 

7. The process in accordance with claim 5 or 
claim 6, wherein said times are less than 15 hours. 

8. The process in accordance with any of 
claims 5 to 7, wherein said hydro-thermal calcining 
comprises raising the temperature of said aggregate from 
an initial temperature to a first target temperature 
within a range of 204°C to 371°C (400^F to 700^F) . 

9. The process in accordance with claim 8, 
wherein said hydro-thermal calcining further comprises 
maintaining said first target temperature for a time of 
less than 5 hours. 

10. The process in accordance with claim 8 or 
claim 9, wherein said hydro-thermal calcining further 
comprises increasing the temperature of said aggregate to 
a second target temperature higher than said first target 
temperature but less than 760^C (1400^P). 

11. The process in accordance with claim 10, 
wherein said second target temperature is within the 
range of 537^C to 649°C (lOOO^F to 1200^F) . 

12. The process in accordance with claim 8 or 
claim 10, wherein the temperature of said aggregate is 
raised at a target temperature at a rate within the range 
of 0,56*^C to 11.1°C per minute (l^F to 20^F per minute). 

13. The process in accordance with any of 
claims 10 to 12, wherein said hydro-thennal calcining 
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further comprises maintaining said second target 
temperature for a time of less than 12 hours. 

14. The process in accordance with any of 
claims 5 to 13, wherein said humid atmosphere comprises a 
volume percent water within the ran^e of 30% to 100%. 

15. The process in accordance with any of 
claims 1 to 14, wherein said washing comprises rinsing 
said washed aggregate with water to dissolve detrital 
aliomina from said hydro-thermally calcined aggregate. 

16. The process in accordance with claim 15, 
wherein said rinsing is continued until the pH of 
effluent water is reduced to a pH within the range of 10- 
11. 

17. The process in accordance with any of 
claims 1 to 16, wherein said washing mediiim comprises a 
substance for neutralizing acidity in said hydro- 
thermally calcined aggregate selected from the group 
consisting of solutions of base, and solutions containing 
basic salts of chelating agents. 

18. The process in accordance with claim 17, 
wherein said solution of base is a solution containing at 
least one member selected from the group consisting of 
potassium hydroxide, sodium hydroxide, barium hydroxide, 
lithium hydroxide, rubidium hydroxide, and cesium 
hydroxide, and said solutions of basic salts of chelating 
agents comprise basic salts of acids, such as 
nitrilotriacetic acid and ethylenediaminetetraacetic 
acid. 

19. The process in accordance with claim 18, 
wherein said solutions of basic salts of chelating agents 
are selected from potassium ethylenediaminetetraacetic 
acid and sodium ethylenediaminetetraacetic acid, and 
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potassium salts of ethylenediaminetetraacetic acid and 
sodium salts of ethylenediaminetetraacetic acid. 

20. The process in accordance with any of 
claims 1 to 19, wherein said washing is carried out at 
temperatures ranging from ambient up to lOO^^C (212^F) . 

21. The process in accordance with any of 
claims 17 to 19, wherein said solutions used in washing 
comprises the same cation as the cation of said zeolite. 

22. The process in accordance with claim 17 to 
19, wherein said washing comprises exposing said hydro- 
thermally calcined aggregates to an amount of said 
solution of base in the range of about 1.0 to 5.0 times 
the weight of said calcined aggregates. 

23. The process in accordance with claim 22, 
wherein said washing is performed for a time within the 
range of 5 minutes to 60 minutes. 

24. The process in accordance with any of 
claims 1 to 23, further comprising drying said washed 
aggregate . 

25. The process in accordance with any of 
claims 1 to 24, further comprising post curing said 
washed aggregate. 

26. The process in accordance with claim 25, 
wherein said post curing is as described in any of claims 
2 to 4. 

27. The process in accordance with claim 25 or 
claim 26, further comprising post hydro-thermal ly 
calcining said post cured aggregate. 
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28. The process in accordance with claim 27^ 
wherein said post hydro-thermal calcining comprises 
subjecting said post cured aggregate to a hximid 
atmosphere as described in any of claims 5 to 10. 

29. The process in accordance with claim 28, 
wherein said himid atmosphere comprises a volume percent 
water within the range of 40% to 100%. 

30. The process in accordance with any of 
claim 1 to 29, wherein said source of alumina comprises 
hydrated alumina. 

31. The process in accordance with claim 30, 
wherein said alumina has a particle size within the range 
of 10 to 100 microns. 

32. The process in accordance with any of 
claims 1 to 31, wherein said peptizing agent is selected 
from the group consisting of sxibstances having a pH of 
less than or equal to 4.0 and substances having a pH of 
greater than or equal to 10.0. 

33. The process in accordance with claim 32, 
wherein said peptizing agent is an acidic substance 
selected from the group consisting of an acid, an acidic 
alumina sol, aluminum chloride and aluminxm bromide. 

34. The process in accordance with claim 33, 
wherein said acid is selected from the group consisting 
of organic acids, hydrochloric acid, perchloric acid, 
hydrobromic acid and nitric acid. 

35. The process in accordance with claim 34, 
wherein said nitric acid is present in an amount within 
the range of 0.5% to 3.0% by weight of said aggregate. 
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36. The process in accordance wlUi any of 
claims 1 to 35, wherein said zeolite is selected from the 
crystalline aliimina silicates represented by the 
following general foraula expressed in terms of moles; 

0 . 9+0 . 2M2/nO • AI2 O3 : XSi02 
wherein M is selected from the group consisting of metal 
cations and hydrogen, N is its valence and X is a number 
from 1.5 to 200. 

37. The process in accordance with claim 36, 
wherein said zeolites are selected from the group 
consisting of mordenite, zeolite X, zeolite Y, mazzite, 
zeolite L, ZSM-5, zeolite beta, zeolite rho, ZK5, 
titanosilicate, ZSM-5 containing phosphorous, and 
zeolites having a silicon-alumintm ratio within the range 
of 10:1 to 100:1. 

38. The process in accordance with claim 37, 
wherein said zeolite is zeolite L. 

39. The process in accordance with claim 38, 
wherein said zeolite L has a pH within the range of 9.4 
to 10.0. 

40. The process in accordance with claim 38 or 
claim 39, wherein said zeolite L comprises highly 
crystalline crystallites wherein at least 50% of said 
crystallites are in the form of distinct circular disc- 
shaped cylinders with an aspect ratio of less than 0.5 
and with a mean diameter of at least 0.2 micron. 

41. The process in accordance with any of 
claims 38 to 40, wherein at least 70% of said 
crystallites are in the fozm of said cylinders. 

42. The process in accordance with any of 
claims 1 to 41, further comprising loading said hydro- 
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thermally calcined aggregate after said washing with at 
least one metal selected from the group of Group IB 
metals. Group VII metals. Group VIII metals, tin, 
germanium and tungsten. 

43. The process in accordance with claim 42, 
wherein said Group VIII metal is platinim. 

44. The process in accordance with claim 43, 
wherein said platinum is present in an amount within the 
range of 0.3 to 1.5 wt.% of said aggregate. 

45. The process in accordance with claim 44, 
wherein at least 75%-95% by weight of said platinum is 
dispersed within pores of said zeolite L. 

46. The process in accordance with any of 
claims 1 to 45, wherein said aggregate is a member 
selected from the group consisting of agglomerates, 
pellets, pills, prills, spheres, tablets and extrudates. 

47. The process in accordance with claim 46, 
wherein said forming step comprises extruding said paste 
into an extrudate. 

48. A process for producing aggregates of 
zeolite comprising: 

a) combining a source of alumina with 
zeolite to form a uniform mixture comprising aluminum and 
zeolite; 

b) adding a peptizing agent and water to 
form a resultant mixture comprising alumina, zeolite, 
peptizing agent and water; 

c) preparing said resultant mixture into a 
paste having a consistency suitadsle for forming, said 
paste comprising alumina, zeolite, peptizing agent and 
water; 
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d) forming said pas-ke in-to an aggregate; 

e) curing said aggregate to result in a 

cured aggregate; 

f ) hydro-thermal ly calcining said cured 

aggregate to result in a hydro- thermally calcined 
aggregate ; 

g) washing said calcined aggregate with a 
washing medium to result in a washed aggregate; 

h) rinsing said washed aggregate with a 
rinsing medium to result in a rinsed aggregate; and 

i) subjecting said rinsed aggregate to a 
treatment which removes said rinsing medium fr<nn said 
rinsed aggregate. 

49. The process in accordance with claim 48, 
wherein said unifoirm mixture comprising zeolite and a 
source of alumina is essentially devoid of extraneously 
added water and has a moisture content provided 
essentially by water present in said zeolite and adsorbed 
on said alumina. 

50. The process in accordance with claim 48 or 
claim 49, wherein said the step of adding said peptizing 
agent comprises blending said peptizing agent with said 
uniform mixture of alumina and zeolite under intense 
mixing conditions. 

51. The process in accordance with claim 50, 
wherein said blending is performed in an intensive mixer. 

52. The process in accordance with claim 51, 
wherein said blending said peptizing agent comprises 
distributing said peptizing agent substantially evenly 
into said mixture. 

53 . The process in accordance with claim 52, 
wherein said uniform distribution of said peptizing agent 
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is effected by intensely mixing said peptizing agent into 
said mixture for less than about 2 minutes after the 
initial addition of the peptizing agent into said 
mixture. 

54. The process in accordance with any of 
claims 48 to 53, wherein said peptizing agent is nitric 
acid in an amount within the range of 0.5 to 2.0% by 
weight on a dry basis. 

55. The process in accordance with any of 
claims 48 to 53, wherein said peptizing agent is a base 
which contains a cation which is the same as the cation 
of said zeolite. 

56. The process in accordance with any of 
claims 48 to 55, wherein said aggregate has an alximina 
content within the range of 25% to 70% on a dry weight 
basis. 

57. The process in accordance with any of 
claims 48 to 56, wherein said step of preparing said 
paste comprises mixing said resultant mixture for a 
period of time for a total mixing time after said initial 
addition of peptizing agent of less than 15 minutes. 

58. The process in accordance with any of 
claims 1 to 57, wherein said consistency of said paste is 
suitable for extrusion and said forming comprises 
extruding said paste into an extrudate. 

59. An aggregate comprising: 

an inorganic metal oxide and zeolite 
crystals having micropores bound into an aggregate, said 
aggregate having an exterior surface with openings and 
interstitial spaces communicating by said openings with 
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said exterior surface and said micropores wherein said 
aggregate exhibits the following characteristics: 

i) a crush strength greater than 0.41 kg 
per sm (0.9 pound per millimeter); 

ii) a loss by attrition resistance of less 

than 3.0%. 

60. The aggregate of claim 59^ wherein said 
crush strength is greater than 0.57 kg per mm (1.25 
pounds per millimeter) • 

61. The aggregate of claim 59 or claim 60^ 
wherein said loss by attrition resistance is 2.0%. 

62. The aggregate of any of claims 59 to 61, 
wherein said aggregate is a catalyst further comprising 
at least one metal selected from the group of Group IB 
metals. Group VII metals. Group VIII metals, tin, 
germanium and tungsten, and exhibits a catalyst activity 
pass through to said zeolite bound in said aggregate of 
70% of catalyst activity of said zeolite. 

63. The aggregate of claim 62, wherein at 
least 75% of said platintim is finely dispersed as 
particles having a size less than about 7 Angstrom units. 

64. The aggregate of claim 62, wherein at 
least sdDOut 90% of said platinum is dispersed within said 
micropores of said zeolite. 

65. The aggregate of any of claims 62 to 64, 
wherein said aggregate is an extrudate. 

66. An aggregate comprising: 

a) a metal oxide containing aluminiim bound 
into an aggregate having an exterior surface and 
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mesopores communica'tlng by openings wi-th said ext:erior 
surface ; and 

b) zeolite crystals having micropores 
bound by said metal oxide into said aggregate, wherein 
said exterior surface of said aggregate and said zeolite 
are essentially devoid of substance which interferes with 
communication among said micropores, said mesopores, and 
said openings for conducting reactants and products 
between said exterior surface and said micropores. 

67 • The aggregate of claim 66, wherein said 
zeolite is selected from the group consisting of 
mordenite, zeolite X, zeolite Y, mazzite, zeolite L, ZSH- 
5, zeolite beta, zeolite rho, ZK5, titanosilicate, ZSM-5 
containing phosphorous, and zeolites having a silicon- 
aluminum ratio within the range of about 0.75:1 to 100:1. 

68. A reforming process for producing aromatic 
hydrocarbons comprising: 

contacting a hydrocarbon feedstock under 
reforming conditions with a catalyst comprising a 
zeolite, a binder comprising a metal oxide containing 
aluminxim, and at least one catalytically active metal 
formed into an aggregate having a crush strength greater 
than €^DOUt 0.9 pound per millimeter, a loss by attrition 
resistance of less than about 3.0%; and a catalyst 
activity pass through to the bound zeolite of at least 
about 70% of the initial catalyst activity of the 
zeolite. 

69. The reforming process in accordance with 
claim 68, wherein said aggregate has an exterior surface 
and mesopores communicating by openings with said 
exterior surface, and said zeolite crystals have 
micropores bound by said binder, wherein said exterior 
surface of said aggregate and said zeolite are 
essentially devoid of substance which interferes with 
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communication among said micropores, said mesopores, and 
said openings for conducting reactants and products 
between said exterior surface and said micropores. 

70. A process for purifying hydrocarbon feed 
stock comprising: 

contacting a liquid stream of hydrocarbon 
feedstock under conditions suitable for adsorption of at 
least one contaminant in said hydrocarbon feedstock, said 
adsorbent comprising a zeolite and a metal oxide binder 
formed into an aggregate having an exterior surface with 
openings, wherein said zeolite has micropores and is 
bound in said aggregate, and said aggregate has mesopores 
between particles of said binder and said zeolite, said 
exterior surface of said aggregate and said zeolite being 
essentially devoid of substance which interferes with 
communication between said micropores, said mesopores, 
and said opening for conducting said hydrocarbon feed 
stock between said exterior surface and said micropores. 

71. A process for reforming hydrocarbons 
comprising: 

a) providing a catalyst carrier comprising 
a metal oxide containing aluminum and zeolite; 

b) curing said catalyst carrier to result 
in a cured catalyst carrier; 

c) hydro- thermally calcining said cured 
catalyst carrier to result in a hydro-thermal ly calcined 
catalyst carrier; 

d) washing said hydro-thermal ly calcined 
catalyst carrier with a washing medium to result in a 
washed catalyst carrier; 

e) removing washing medium from said 
washed catalyst carrier; 

f ) loading said catalyst carrier with a 
catalyst metal to form a reforming catalyst; and 
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g) contacting a hydrocarbon feedstock 
under reforming conditions with said reforming catalyst. 

72. A process according to claim 10, in which 
the catalyst carrier is a zeolite aggregate as prepared 
by a process as claimed in any of claims 1 to 58. 

73. The process for reforming in accordance 
with claim 71 ^ further comprising: 

h) continuing contacting said hydrocarbon 
stream under reforming conditions with said reforming 
catalyst until said reforming catalyst becomes 
deactivated ; 

i) regenerating said deactivated catalyst 
to result in a regenerated catalyst; and 

j) contacting said regenerated catalyst 
with said hydrocarbon stream under reforming conditions. 

74. The process for reforming in accordance 
with claim 72, further comprising: 

k) continuing contacting said regenerated 
hydrocarbon stream under reforming conditions with said 
regenerated catalyst until the previously regenerated 
catalyst becomes deactivated; 

1) regenerating said deactivated, 
previously regenerated catalyst to result in a renewed, 
regenerated catalyst; and 

m) contacting said renewed, regenerated 
catalyst with said hydrocarbon stream under reforming 
conditions, and optionally repeating steps k) , 1) , and m) 
up to 10, preferably 20 times. 

75. A regenerable catalyst comprising: 

a catalyst metal dispersed in zeolite bound 
by a metal oxide containing alumintjm binder into an 
aggregate, said regenerable catalyst esdiibiting a level 
of regenerability, expressed as a ratio of the catalyst 
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activity test rating of said catalyst as regenerated 
relative to the catalyst activity test rating of said 
catalyst in a fresh state prior to operation on oil, of 
at least 70%. 

76. The regenerated catalyst of claim 75, 
wherein 30 said level of regenerability is at least 80%. 

77. The regenerable catalyst of claim 75, 
wherein said level of regenerability is at least 90%. 

78. The regenerable catalyst of any of claims 
75 to 77, wherein said zeolite has micropores, said 
aggregate has an exterior surface with opening and 
mesopores between particles of said binder and said 
zeolite, and wherein said exterior surface of said 
aggregate and said zeolite are essentially devoid of 
sxibstance which interferes with communication among said 
micropores, said mesopores, and said openings for 
conducting reactants and products between said exterior 
surface and said micropores. 

79. The regenerable catalyst of claim 78, 
wherein said regenerable catalyst exhibits: i) a crush 
strength of greater than 0.9 pound per millimeter; ii) a 
loss by attrition resistance of less than 3.0%; and iii) 
a catalyst activity pass through to said bound zeolite of 
at least 70% of the initial catalyst activity of the 
zeolite. 
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